Background {#Sec1}
==========

Acute respiratory infections (ARIs) are a major cause of morbidity and mortality worldwide \[[@CR1], [@CR2]\]. Each year, about 1.3 million children under 5 years die from acute respiratory infections worldwide \[[@CR3]\]. ARI constitute one third of the deaths in under five in low income countries \[[@CR4]\]. The World Health Organization (WHO) estimates that respiratory infections account for 6% of the total global burden of disease; this is a higher percentage compared with the burden of diarrheal disease, cancer, human immunodeficiency virus (HIV) infection, ischemic heart disease or malaria \[[@CR5]\]. Each year ARIs account for over 12 million hospital admissions in children less than 5 years \[[@CR6]\]. In a 16 year study on the causes and circumstances of death in northern Cameroon, 67% of all deaths were in children and a majority 24% (167) of the deaths were caused by ARIs, followed by malaria 21% (152) and diarrheal diseases 19% (133) making ARIs one of the leading public health problems in under-fives in Cameroon \[[@CR7]\].

Despite the burden of acute respiratory infection on morbidity and mortality in children under the age of five in the world, there is limited data to evaluate the problem in Cameroon. The availability of data on the proportionand risk factors of ARIs is vital because, achieving the Sustainable Development Goal on improving health and wellbeing, will depend on the existing efforts to prevent and control ARIs in all WHO regions \[[@CR1], [@CR8]\].

There are many socio-cultural, demographic and environmental risk factors that predispose children less than 5 years to acquire Respiratory Tract Infections (RTIs). Even though many of these risk factors are preventable \[[@CR9]\], they have not been documented in many regions in Cameroon making it difficult to develop algorithms for the management of this group of patients.

This study therefore aimed at determining the proportion of ARIs and their associated risk factors amongst children under 5 years of age who attend the Bamenda Regional Hospital.

Methods {#Sec2}
=======

Study design and setting {#Sec3}
------------------------

This was a hospital-based cross-sectional analytic study carried out in the peak period of the dry season from December 2014 to February 2015. Bamenda is the capital of the North West Region. It is located 366 km north-west of the Cameroonian capital, Yaoundé. It has an estimated population of about 500,000 inhabitants \[[@CR10]\] Bamenda like other parts of Cameroon has two seasons in a year. The dry season starts in November and ends by March while the rainy season starts in April and ends in October. The dry season is characterized by cool, dry and very dusty harmattan winds which blow during the peak periods of the dry season (December, January and March), with temperatures ranging between 9°c and 30°c. Many people in Bamenda use wood for cooking and this produces smoke rendering the children vulnerable to its effects.

The Bamenda Regional Hospital (BRH) is the biggest health care facility in the region receiving about 150 patients daily, about one-third being children. The hospital is a second level health facility and serves as a teaching hospital for the Faculty of Health Sciences, of the University of Bamenda. It has an HIV treatment center with over 80 children in care who visit the hospital at least monthly for a refill of their medication. This study was carried out in the pediatric unit of the Regional Hospital which has a capacity of 34 and 15 beds for pediatric patients and neonates respectively. It has a level of occupancy of more than 85% most times of the year \[[@CR11]\]. Health care services are provided by a pediatrician, 3 general practitioners and 15 nurses. Children visiting this hospital benefit from the Expanded Program of Immunisation which offers many vaccines for various ages including the influenza vaccine, pneumococcal vaccine and the measles vaccines.

Sample size calculation {#Sec4}
-----------------------

The sample size was calculated using the formula for estimating proportions \[[@CR12]\]. A pre-study estimate of prevalence of ARI from a systematic review of literature from 12 developing countries was 22% \[[@CR13]\] with a precision of 0.036. The calculated sample size w as508. Five hundred and twelve children were included in the study.

Study population and sampling {#Sec5}
-----------------------------

All children under 5 years who visited the Bamenda Regional Hospital during the study period and whose parents or guardians gave consent were included in the study. Children less than 2 months were excluded from this study because the clinical definitions of ARIs have low sensitivity and specificity in this age group and the clinical presentation is nonspecific. Children whose parents or guardians did not give consent were also excluded from the study.

Study procedure {#Sec6}
===============

Approach to participants {#Sec7}
------------------------

Participants were recruited between 8 am and 5 pm from Monday to Saturday from both the out-patient and inpatient departments. The parents or guardians of the child were informed about the study at the outpatient waiting room or in the wards and their written consent sought. Those who gave their consent to the study were met in the pediatrician's consultation room or in the wards and a designed questionnaire was administered by the principal investigator. Findings from the consultation were used and additional information needed was obtained from a complementary history and physical examination.

Data collection {#Sec8}
---------------

Data was collected using a structured questionnaire on the; demographic, clinical and the socioeconomic variables of the child and the parents or guardians.

Data management {#Sec9}
---------------

Data was entered, cleaned, and analyzed using the statistical software Epi info version 7.

Case definition for ARI was was based on the Integrated Management of Childhood Illnesses (IMCI) classification for children presenting with cough or difficulty breathing.: Mild ARI (no pneumonia), Moderate ARI (pneumonia) and Severe ARI (severe pneumonia) \[[@CR14]\]. Potential risk factors included: age, sex, birth weight, co-infection with HIV (diagnosed using a rapid test- Determine) passive smoking (any child living with someone who smokes at home), attendance at day care, exposure to wood smoke (any child who spends more than 30 min in wood smoke daily), living in the same house with someone have a cough, poor parental education (primary school level or less), malnutrition (Z-scores\<2SD), inadequate immunization (if a child was lacking some vaccines for age) and mixed breastfeeding (if the child was not exclusively breastfed for at least 4 months) overcrowding (either ≥6 persons in a house, or ≥3 people using one bed) \[[@CR5]\]. The predictor variables were grouped into three categories; socio-demographic, environmental, and clinical factors. The prevalence of ARI in children attending the BRH was calculated as; Number of children 2--59 months diagnosed with ARI during the study period, divided by the total number of children 2--59 months who visited the hospital during the same) multiplied by 100%.

The chi square test was used to evaluate significance of associations between ARI and potential risk factors, which were coded as categorical variables. The odds ratio (OR) of having ARI was calculated for all the assessed risk factors as follows: OR = (a/b)/(c/d) where a = exposed with ARI, c = not exposed with ARI, b = exposed without ARI, d = not exposed without ARI.

Multivariable analysis was performed using a logistic regression model, which included as explanatory variables all risk factors whose *p*-value was lower than 0.20 in univariable analysis.

Results {#Sec10}
=======

A total of 620 children visited the hospital during the study period. Forty eight children were under 2 months of age, 36 parents did not give consent either because they presented as emergencies or did not want any delay in the consultation process. Eighteen guardians did not give consent either because they were not sure of child's history or they did not want to enroll the children without their parents consent. Six questionnaires had incomplete information. In total, 512 children participated in the study. A majority (58%) were male and aged between 13 to 59 months (56%), with a median age of 15 months. Children older than 1 year had an average of 2.2 (SD2.4) episodes of ARIs before reaching their first birthday. Those with ARI spent a mean number of 6 (SD4.1) days with symptoms before consulting a health centre or hospital.

The proportion of ARIs in children under 5 years in the BRH was 54.7% (280 children) with a 95% CI of 50.3%--59.0%. Using IMCI guidelines, a total of 166/280 (59%) were mild ARIs (No Pneumonia), 69/280 (25%) were moderate ARI (Pneumonia) and 45/280 (16%) were severe ARI (Severe Pneumonia) as shown in Fig. [1](#Fig1){ref-type="fig"}. The ARIs as diagnosed by consultants were: rhinitis 170/280 (60%%), pharyngitis 120 (43%), tonsillitis 54 (19%), acute otitis media 39 (14%), bronchopneumonia 88 (31%) as shown in Fig. [2](#Fig2){ref-type="fig"}. One hundred and ninety one (37.3%) of the 512 children had an URTI (rhinitis, pharyngitis, tonsillitis, acute otitis media), 88 (17.2%) had a LRTI (bronchopneumonia) and 35 had both upper and lower RTI.Fig. 1Proportion of ARI using IMCI definition in children less than 5 yearsFig. 2Proportion of the different types of ARI as diagnosed by physician

Of the 280 children who had ARIs, 118 of them were also found to have other co-morbid conditions like: malnutrition 51 (18.2%), malaria 25 (8.9%), diarrheal disease 26 (9.3%), measles-like rash 8(2.9%), and HIV infection 23 (8.2%) as shown in Fig. [3](#Fig3){ref-type="fig"}.Fig. 3ARI and co-morbidities

As shown on Table [1](#Tab1){ref-type="table"}, children aged more than 12 months, males, children with low birth weight, poor paternal education and children with younger fathers (≤30 years), accounted for a higher proportion of ARIs than their comparative groups.. However, the difference was not statistically significant (*p* \> 0.05).Table 1Socio-demographic factors associated with ARI in children under 5 yearsFactorTotalARIOdds ratios95% CI*P*-valueAge(months) 2--12225117(52.00%)1 13--59287163(56.79%)1.210.85--1.720.28Gender Female218113(51.83%)1 Male294167(56.80%)1.210.85--1.720.29Birth weight Normal463251(54.21%)1 Low birth weight \< 2.5 kg1912(63.16%)1.450.56--3.740.45 Overweight ≥4 kg3017(58.62%)1.190.55--2.530.66Mothers age (years) Age \> 20407212(52%)1 Age ≤ 202011(55%)1.120.45--2.70.80Fathers age(years) Age \> 30303153(50.50%)1 Age ≤ 3010861(56.48%)1.270.82--1.980.28Mother's level of education Secondary + tertiary316144(45.57%)1 None + primary183131(71.58%)3.132.11--4.64\< 0.001Father's level of education Secondary + tertiary330173(52.42%)1 None + primary15997(61.01%)1.420.97--2.090.07

Children with poorly educated mothers had significantly higher proportion of ARIs (*P* \< 0.001) with an OR of 3.13 (95% CI: 2.11--4.64).

The evaluated clinical risk factors (Table [2](#Tab2){ref-type="table"}) revealed that malnourished children \[OR 3.01 (95% CI: 1.66--5.43)\] and children infected with HIV \[OR 2.88 CI: 1.21--6.83\], had a significantly higher proportion (*P* \< 0.05) of ARI than well-nourished and HIV negative children.Table 2Clinical factors associated with ARIFactorTotalARIOdds ratios95% CI*P*-valueNutritional status Malnourished6751(76.12%)3.011.66--5.43\< 0.001 Normal445229(51.45%)1HIV status Positive3023(76.67%)2.881.21--6.83\< 0.016 Negative482257(53.32%)1Immunization status No/ incomplete vaccination114(36.36%)0.690.20--2.390.56 Up to date with EPI501227(55.29%)1Breastfeeding Mixed7443(58.11%)1.170.71--1.920.54 Exclusive438238(54.34%)1

Children who were inadequately breastfed and inadequately immunized did not have a significantly different proportion of ARIs when compared those who were exclusively breastfed and immunized respectively. (*P* \> 0.05).

Environmental factors such as exposure to wood smoke, cigarette smoke, and contact or living with someone who had a cough were found to significantly increase the proportion of ARIs (P \< 0.05). While the association of school attendance and overcrowding was not significant. (Table [3](#Tab3){ref-type="table"}).Table 3Environmental and social factors associated with ARIFactorTotalARIOdds ratios95% CI*P*-valueExposure to wood smoke Not exposed20382(40.39%)1 Exposed309198(64.08%)2.631.83--3.79\< 0.001Cigarette smoke Non passive smoker474249(52.53%)1 Passive smoker3731(83.78%)4.671.91--11.40\< 0.001History of contact^a^ No contact313134(42.81%)1 Had contact199147(73.87%)3.782.56--5.56\< 0.001School attendance Do not go to school391210(53.71)1 Go to school12170(57.85%)1.180.78--1.790.42Overcrowding Not overcrowded303167(55.12%)1 Overcrowded209114(54.55%)0.970.69--1.390.90^a^contact with someone who has a cough

After multivariate analysis, all significant variable remained significant except for the children's nutritional status with a *p*-value of 0.06. Table [4](#Tab4){ref-type="table"}.Table 4Multivariate logistic regression analysis of potential risk factors for ARIFactorAdjusted Odds ratios95% CI*P*-valueNutritional status Normal1 Malnourished1.910.97--3.760.06History of contact No1 Yes3.372.21--5.14\< 0.01Exposure to wood smoke Not exposed1 Exposed1.851.22--2.78\< 0.01HIV status Negative1 Positive2.761.05--7.250.04Mother's level of education Secondary + tertiary1 Primary + none2.801.85--4.25\< 0.01Passive smoking No1 Yes3.581.45--8.84\< 0.01

Discussion {#Sec11}
==========

This study aimed at determining the proportion of ARIs and identifying some related risk factors in children under 5 years attending the Bamenda Regional Hospital. A high proportion of ARI of 54.7% was probably because this study was carried out during the peak of the dry season (December, January and February) which is characterized by dry, cold and dusty harmattan winds. Though high, this result is lower than 69.7% obtained by Sikoilia et al. in Kenya \[[@CR15]\] and 70% obtained by Rhamam in Bangladesh \[[@CR16]\]. This is probably because participants in this study were found to have a lower average of 3.7 ± 4.5 infections a year, compared to 6--8 episodes obtained in under-five children in Nigeria by Ujunwa et al. \[[@CR4]\]. The number of hospital visits for ARI(2.1 ± 2.2) compared to the number episodes of ARIs in our study are similar to findings in a study in India \[[@CR17]\] where only 42.5% of mothers regarded ARIs as serious enough to present to the hospital.

On the other hand our study found a higher proportion of ARI compared to the 10--40% in found in other studies \[[@CR18]\]. This differences in the proportions of ARI could be as a result of different study populations, different study settings, differences in age groups studied, or because this study used mainly clinical definitions for the cases which is more sensitive than laboratory confirmed cases. A study lasting at least one complete calender year could help get the proportion of infections for a typical year. In order to reduce this high burden of ARI on the population, the ministry of public health in developing countries could include control of ARIs in their community intervention activities.

The proportion of pneumonia in this study was 22.3%, higher than the 19.4% for the Northwest Region of Cameroon as reported in 2004 by Tchatchou \[[@CR19]\]. The proportion of a LRTI in our study (17.35%) is very similar to the 17.4% found in the Far North Region in 2011 \[[@CR20]\] and higher than the prevalence for the Northwest Region (9.5%) in the same survey. No particular reason was found for this differences.

The proportion of pneumonia alone in this study (22.3%) is higher than the proportion of all LRTI (17.2%) in the same study. This is because the diagnostic criteria of pneumonia according to Integrated Management of Childhood Illnesses (IMCI) guidelines is highly sensitive \[[@CR14]\] and will include some false positive cases of pneumonia, made up of children with a severe URTI because of the presence of cough, difficulty breathing with or danger signs which are sensitive but not specific to pneumonia alone. The proportion of LRTI of 17.2% in our study is similar to 19% in a study in India \[[@CR21]\]. The diagnostic challenges of respiratory illnesses in our setting compels many clinicians to use the IMCI which does not specify the different types of ARIs but uses the term pneumonia to facilitate management in resource poor settings. Community health workers should be trained on the use of IMCI guidelines so that they can recognize ARI early enough and take appropriate actions to prevent its spread and severity.

Of the risk factors identified in our study, malnutrition was found to be significant with an odds ratio of 3.01 (95% CI: 1.66--5.43). This finding is consistent with a similar study in Nigeria by Ujunwa et al. in 2014 \[[@CR4]\] where malnutrition was a significant risk factor with a relative risk of 3.33 (95% CI: 2.65--4.21) and Rahman in Bangladesh who obtained the prevalence of ARI in malnourished children to be 63.1% (*p* \< 0.001). After multivariate analysis, the nutrition status was only marginally significant (*p* = 0.06) this could be attributed to statistical methods because the influence of malnutrition on ARIs is well known from many different studies \[[@CR18], [@CR21]--[@CR25]\]. Supplementation of common foods for children and routine education of mothers during vaccination clinics could help address the problem of malnutrition and reduce the impact of ARIs.

The prevalence of HIV infection in Cameroon stood at 5.5% by 2007 with 420,000 new infections in children under 15 years \[[@CR26]\]. Children who tested positive for HIV in this study (30) were more likely to have an ARI than those who were negative (OR 2.88 95% CI:1.21--6.83). Although 14 (45%) of the 31 children who tested positive for the HIV rapid test (Alere Determine ™ HIV- 1/2) were exposed chidren, the association of HIV and ARI is expected because HIV infection is known to weaken the immune system and increase the spectrum of organisms that infect the respiratory system \[[@CR27]\]. Children who tested positive for the rapid HIV test had a higher risk and a poorer outcome than the HIV negative children \[[@CR27], [@CR28]\]. The presence of the HIV treatment center in the hospital can account for the considerably large number of HIV exposed and infected children. The diagnosis of HIV using rapid test will include exposed noninfected children accounting for a large proportion (8.2) of children diagnosed with HIV.

Children from mothers who had no education or primary education only, had a higher chance of developing an ARI than children from more educated mothers (secondary education and above). This is probably because children spend more time with their mothers, and mothers' educational level will determine the quality of care and many social and environmental factors that the child will be exposed to. Ujunwa et al. also found an association with maternal education but it was significant only for LRTI and not for URTI. Other studies have also found a positive association between poor maternal education and ARI \[[@CR4], [@CR16]--[@CR18], [@CR21], [@CR29]\]. Infant welfare clinics could be used as an area to reinforce maternal health education and care of infants and children.

The odds of developing an ARI after exposure to wood smoke was 2.63 compared to those who were not exposed. WHO reports that children who are exposed to cooking fuels increase the risk of developing pneumonia \[[@CR1]\]. A similar association between wood fuel and ARI has also been found to be significant in some studies \[[@CR15], [@CR18], [@CR21], [@CR24], [@CR30], [@CR31]\]. The community has to be educated on the dangers of wood smoke especially because it is the main source of cooking fuel in the local communities.

Passive cigarette smoking from this study, was found to be a significant risk factor of ARI increasing the odds by 4.67 (1.91--11.40) compared to children who were not passive smokers. This is a consistent finding with other studies \[[@CR4], [@CR18], [@CR24], [@CR25]\] in which the risk of passive smoking increased by about 2 to 4 fold that of non-passive smokers \[[@CR32]\]. This association was expected and could be explained by the fact that smoking destroys the natural protective mechanism of the respiratory tract making it easier for pathogens to overcome the first line defense of the respiratory system \[[@CR33]\]. Anti smoking campaigns could help sensitise the population on the dangers of tobacco smoke in general and on the health of children in particular.

Coming in contact with someone who had symptoms of respiratory disease significantly increases the risk of a child to develop an ARI. This result only confirms the fact that ARIs are communicable diseases transmitted by droplets from infected persons. This is an association that has been found in other studies like Ariane et al. in the Netherlands \[[@CR29]\]. Children should be kept away from people who present with cough so as to prevent them from getting infected.

The age, and gender of a child in this study did not significantly affect the proportions of acute respiratory infections. The meta-analysis by Jackson et al. reported an inconsistency in the effect of age and gender on ARI as 4 of the studies reviewed found a significant association and 3 others studies agree with our finding in that they did not also find a significant association of the age and gender with ARI \[[@CR30]\].

The WHO in a report on pneumonia, brings out the importance of low birth weight in the prevalence of ARIs \[[@CR24]\]. We did not find any significant association between the birth weight and ARIs in our study. Similarly, Lira et al., in Brazil did not find any significant difference between low birth weight and the prevalence of cough \[[@CR34]\]. This is probably because the effect of low birth weight on ARI is more significant in neonates and our study excluded neonates.

Factors like inadequate breastfeeding and poor immunization in our study, are in great contrast with the results from many other studies \[[@CR4], [@CR18], [@CR21], [@CR23], [@CR29], [@CR30], [@CR32]\]. Many breastfed children are given water and other liquids foods like corn soup frequently before 4 months of life, classifying them as mixed feeding in this study. Giving clean water and corn soup to children less than 4 months may not increase their risk of infection. Children in Bamenda receive the pneumococcal and *Haemophilus influenza* type b vaccines at 6 weeks, 10 weeks and 14 weeks and at 6 months they receive the miseasles vaccine as required by the EPI calendar. Our study did not find a significant association between vaccination and ARI probably because some of the inadequately vaccinated children according to the definition, might have received some doses of the pneumococcal and *Haemophilus influenza* type b vaccine which are known to reduce morbidity and mortality from ARI \[[@CR1]\]. Analyzing nasal swabs could also determing the specific predisposing germs.

Study limitations {#Sec12}
=================

The diagnosis of the various ARIs was made based on clinical findings and compared to the gold standards is less sensitive and specific.

This study is a hospital-based study and less than 50% of children with ARIs go to the hospital for medical care so the proportion may not be a true reflection of what is in the community.

A longitudinal study would better illustrate the effects of the potential risk factors than this cross sectional study.

Conclusion {#Sec13}
==========

The proportion of ARI in the BRH was 54.7% and that of pneumonia was 22.3%. The risk factors significantly associated with ARI were: infection with HIV, poor maternal education, passive smoking, exposure to wood smoke and contact with person having ARI. Measures taken to abate these conditions will reduce the morbidity and mortality associated with ARI.
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